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F-8919 
D e scription 

WATER JET DEVICE FOR SEVERING A BIOLOGICAL STRUCTURE 
Background of the Invention 

The invention relates to a water jet device acco r ding to th e preamble of claim 1 . 

5 Such water jet devices are used particularly in the field of human medicine. 

Such a water jet device is described in EP 0 551 920 Bl. This water jet device 
substantially comprises a pressure generator, a cylinder piston unit and a severing 
device in the form of a specific operating hand piece. In the cylinder space of the 
piston cylinder unit, a cartridge being filled with a sterile severing liquid is 

10 inserted in a form-fit manner. This cartridge, on the one hand, contacts the piston 
of the piston cylinder unit, and is connected to the operating hand piece via a 
pressure line, on the other hand. During operation, the pressure fluid of the 
pressure generator loads the piston cylinder unit and so the cartridge, and as a 
result of which the severing liquid is discharged from the cartridge toward the 

1 5 operating hand piece. There, the severing liquid comes out in the form of a fine jet 
of liquid. By separation of the severing liquid circuit from the pressure liquid 
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circuit and by means of a special design of all instrument components of the 
severing liquid circuit a continuous chain of sterility is ensured. 

However, due to the limited filling volume of the cartridge it tumed out that such 
a water jet device is not suited for these cases of application which require a 
greater quantity of severing liquid. [[All]] This disadvantage relates to all 
applications of plastic surgery, in particular [[the]] liposuction ar c part of it . 
Another disadvantage is in that for specific cases of application, the uniformly 
emerging jet of liquid has to be pulsed with an auxiliary unit. This expense is 
relatively high. 

From US 6,216,573 Bl a water jet device has become known now which does not 
have these disadvantages. This water jet device comprises a higher situated 
storage container for the severing liquid, a piston pump and an operating hand 
piece. The higher situated storage container is connected to the piston pump via a 
descending line and a pressure line leads from the piston pump to the operating 
hand piece. For this purpose, the piston pump comprises a pump casing having the 
piston cylinder unit and an eccentric drive propelling the piston of said piston 
cylinder unit wherein a membraneous liquid bladder is inserted into the cylinder 
space of the piston cylinder unit, and the residual cylinder space is charged with a 
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pressure liquid. The membraneous liquid bladder, on the one hand, is connected to 
the storage container via the descending line and to the operating hand piece via 
an opening check valve and via the pressure line, on the other hand. 
The membraneous liquid bladder is generally and altemately pressurized with 
overpressure or subpressure by the motion of the piston such that the severing 
liquid in the storage container is drawn in a pulsating manner and is subsequently 
fed in a pulsating manner toward the operating hand piece. However, this water jet 
device has disadvantages. Thus, the piston cylinder unit does not generate any 
defined and sharp severing jet due to the severing jet being mainly determined by 
the volume change of the liquid bladder, and this volume change is not 
reproducible because the liquid bladder is merely fixed by two liquid colunms. 
The piston cylinder unit is not efficient enough either. Primarily, it has to do with 
the fact that the direction of the liquid stream arriving into the liquid bladder and 
the direction of the pressure liquid stream emerging fi*om the liquid bladder are 
acting in opposite direction. This results in turning back of the liquid flow within 
the liquid bladder and so in turbulences and drop in pressure. 

It is also disadvantageous that there are two separate liquid circuits again which 
are to be separated fi-om each other with high expense due to the requirement of 
sterility. However, an important disadvantage is in that the piston cylinder unit 
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and the eccentric drive are accommodated in a common pump casing which 
because of that becomes largely and heavily constructing and may only be used 
fixedly. This raises the price of manufacturing and restricts the functional range 
strongly since the volume of the liquid bladder is merely designed for a selected 
range of application. Adaptation of the piston cylinder unit to different cases of 
application having a greater need of severing liquid is not possible due to the 
compactness of the pump casing, and the use of a larger liquid bladder in the 
existing pump casing has to be ruled out because the liquid bladder and the piston 
cylinder unit have to be well-matched to each other. 

As a result, the invention is based on the development of a water jet device 
according to type for severing a biological structure which is built up in 
accordance with the modular design principle, and which can be adapted to 
different cases of application by means of substitution of individual instruments. 

Tliis objec t is solved with the charac t erizing features of claim 1. Further 
embodiments result fr om t he subordinate claims 2 to 7. The novel water jet device 
eliminates the abovementioned disadvantages of the prior art. 
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Summary of the Invention 
The particular advantage of the novel water jet device is in that the piston cylinder 
unit is designed as an individual assembly, and as a result becomes independently 
from the eccentric drive means. Thereby, it is possible for the piston cylinder unit 
to be manufactured in a simple and cost effective manner, and to assemble it with 
the appropriate pressure and suction lines and with the operating hand piece as a 
set. As a result, the set can be designed for a particular case of application, and 
can be substituted for another set in case of a different application. 

This opens a wide field of application for the water jet device. 

Then it is advantageous when the combination of the piston cylinder unit having 
the eccentric drive means will be designed as a plug-in coupling. This facilitates 
the action of substitution. 

The particular design of the piston cylinder unit is quite suitable. Thus, in addition 
to the suction and pressure space this piston cylinder unit comprises a parked 
position space in which the sealing element of the piston in the extended position 
is submerging and releasing it. Because of that, the fundamental shape and as a 
result the sealing function remain maintained over a long storage period which 
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often equals to several months and years. And so, the water jet device becomes 
more reliably in operation. 

In addition, this parked position space offers the advantage for the fixed 
membrane to have sufficient free space for the motions. This allows a sequence of 
motions of the membrane without constraint during the piston motions, and as a 
result prolonging the operating life of the membrane. 

It is suitable when the parked position space or at least the transition from the 
suction and pressure space is designed conically, so as to allow the sealing 
element to submerge in a careful manner into the suction and pressure space. This 
increases the operating life of the membrane either. It is of particular advantage 
when the cylinder casing and the piston of the piston cylinder unit is made of 
plastic, and when the sealing element of the piston is designed as a sealing lip 
machined on to the piston and projecting. This facilitates manufacturing in a 
considerable degree. An advantageous design of the pressure intake on the 
cylinder casing results in that a pressure tubule having projecting press ribs and a 
press sleeve encircling the pressure tubule are pressed into the cylinder casing. As 
a result, the pressure line is pushed into the space between the press sleeve and the 
pressure tubule, and is radially pressed together. 
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A simple installation of the pressure intake results from the suction intake and 
pressure intake being situated radially opposite to each another. Then, the pressure 
tubule can be inserted and pressed together from inside into the cylinder casing 
via the suction intake. The radially opposing arrangement of the suction intake 
5 and pressure intake is also of great advantage such that the entering suction stream 
and the exiting pressure stream are directed in the same direction. This avoids 
unnecessary pressure drop losses in the flow, and a high energy efficiency with it. 



Brief Description of the Drawings 
The invention shall be explained in more detail according to an embodiment in 
10 which: 

Fig. 1 shows a schematic representation of the water device, and 
Fig. 2 shows a piston pump of the water jet device. 



Detailed Description of the Invention 
According to Fig. 1, the water jet device for severing a biological structure 
1 5 comprises a storage container 1 for the severing liquid to be used, a piston 
cylinder unit 2 and an operating hand piece 3. On the occasion, the storage 
container 1 and the piston cylinder unit 2 are connected to each other via a suction 
line 4 wherein the suction line 4 is connected to the storage container 1 via a first 
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plug-in coupling 5, and to the piston cylinder unit 2 via a second plug-in coupling 
6. In contrast, the piston cylinder unit 2 is connected to the operating hand piece 3 
via a pressure line 7 whereas the connection to the piston cylinder unit 2 is 
accomplished by means of a preferably permanent joint, and the connection to the 
operating hand piece 3 is accomplished by means of a third plug-in coupling 8. 

The operating hand piece 3 in a well known maimer comprises a hand piece 9 and 
a pressure and suction pipe 10. The pressure and suction pipe 10 has an internal 
pressure tubule with a discharging nozzle 1 1 situated at the end, which 
communicates with the pressure line 7 leading to the operating hand piece 3, and 
it has a suction pipe which sheathes the pressure tubule forming a ring channel, 
and which is connected to a receiving tank 14 via an exhaust line 12 and a driven 
exhaust pump 13. Furthermore, the suction pipe has radial exhaust apertures 15 
being arranged in a circumferentially distributed manner to receive the separated 
tissue particles and collected severing liquid. 

The piston cylinder unit 2 comprises a cylinder casing 1 6 and a piston 1 7 fitted 
with clearance in the cylinder casing 1 6. This piston 1 7 is connected to the 
actuating cam follower 1 9 of an eccentric drive means 20 via a plug-in coupling 
18. 
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In Fig. 2, the piston cylinder unit 2 is illustrated in more detail and shows again 
the cylinder casing 1 6 and the piston 1 7 having its plug-in coupling 1 8 for the 
eccentric drive means 20. The cylinder casing 16 comprises a blind hole having a 
cylindrical portion which is close to the obturated end of the blind hole, and a 
conical portion which is in the area of the open end of the blind hole. On that 
occasion, the open end of the blind hole will be closed by means of the casing 
cover 21 in a pressure-sealed manner. The piston which penetrates the cylinder 
cap 21 with a coupling shank 22, on the one hand, and has a sealing lip 23, on the 
other hand, is inserted into the blind hole of the cylinder casing 1 6. As a result, the 
piston 17 with its sealing lip 23 and the blind hole of the cylinder casing 16 with 
its cylindrical portion form a suction and pressure space 24, whereas an annular 
parked position space 25 results between the circumference of the piston 1 7 and 
the conical portion of the blind hole. On that occasion, the length ratios between 
the piston 1 7 and the two portions of the blind hole of the cylinder casing 1 6 are 
selected such that the piston 1 7 in its extended final position is in abutment with 
the casing cover 2 1 , and the sealing lip 23 is then taking up a position in the 
transition area from the cylindrical portion to the conical portion of the blind hole. 
In this position, the sealing lip 23 is some strain-fi-ee, however, still ensuring 
sufficient proofhess between the suction and pressure space 24 as well as the 
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parked position space 25. A membrane 26 is arranged between the piston 17 and 
the cyhnder casing 16 which, on the one hand, is clamped between the cylinder 
casing 16 and the casing cover 21, and on the other hand, is fastened into an 
annular groove of the piston 17. This membrane 26 has such room to move then 
during cooperating with the parked position space 25 such that a sufficient stroke 
of the piston 17 is ensured without stoppage. The casing cover 21 is further 
equipped with an air compensation hole 27 which connects the volume varying air 
space between the membrane 26 and the casing cover 2 1 with the atmosphere. 

The suction and pressure space 24, on the one hand, has a radial suction intake 
which is connected to the suction Une 4 leading to the storage container 1 via the 
second plug-in coupling 6. A check valve 28 opening in the suction direction is 
inserted into this suction intake. Opposite the suction intake there is a radial 
pressure intake 29. This pressure intake 29 comprises a pressure tubule 30 which 
is pressed from inside into the cylinder casing 16 through the suction intake, and 
is equipped with external press ribs on the projecting end thereof. A press sleeve 
31 which keeps an annular clearance toward the pressure tubule 30 free is 
externally pressed through this pressure tubule 30 into the cylinder casing 16. The 
pressure line 7 leading to the operating hand piece 3 is inserted into this annular 
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clearance and pressed together with the pressure tubule 30 by means offeree 
acting on the press sleeve 3 1 . 

In operation, the eccentric drive means 20 starts to move the piston 1 7 of the 
piston cylinder unit 2 in a pendulous motion wherein the piston 17 is alternately 
5 retracting and extending. While extending the piston 17, the suction and pressure 
space 24 increases such that a diminished pressure is generated which opens the 
check valve 28 in the suction line 4 and gets the severing liquid to suck from the 
storage container 1 . This intake operation is supported in that the storage 
container is placed in a higher situated position, and thus use of the potential 

10 pressure of the severing liquid situated in the storage container 1 will be made. 

While retracting the piston 1 7, the suction and pressure space 24 decreases, and 
overpressure is generated which closes the check valve 28 in the suction line 4 
and gets the severing liquid in the suction and pressure space 24 to feed into the 
pressure line 7 via the pressure tubule 30. From there, the severing liquid reaches 

15 to the operating hand piece 3 in a well known manner where it emerges as a 

concentrated or spread severing jet from the discharge nozzle 1 1 . The emerged 
severing liquid and the split off tissue particles are drawn off simultaneously 
effected by the exhaust pump 13 and are deposited into a receiving tank 14. 
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